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... 
This paper presents an experimental investigation of the flexural bond strength of thin bed 
concrete masonry. Flexural bond strength of masonry depends upon the mortar type, the 
techniques of dispersion of mortar and the surface texture (roughness) of concrete blocks. 
There exists an abundance of literature on the conventional masonry bond containing 10mm 
thick mortar; however, the 2mm polymer glue mortar bond is not yet well researched. This 
paper reports a study on the examination of the effect of mortar compositions, dispersion 
methods and unit surface textures to the flexural bond strength of thin bed concrete masonry. 
Three types of polymer modified glue mortars, three surface textures and four techniques of 
mortar dispersion have been used in preparing 108 four point flexural test specimens. All 
mortar joints have been carefully prepared to ensure achievement of 2mm layer polymer 
mortar thickness on average. The results exhibit that the flexural bond strength of thin bed 
concrete masonry much is higher than that of the conventional masonry; moreover the unit 
surface texture and the mortar dispersion methods are found to have significant influence on 
the flexural bond strength.  
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INTRODUCTION 
Bond strength is essential for appropriate structural performance of masonry walls, especially 
those under lateral loads, including wind and earthquake. Thin bed masonry construction is 
relatively new, which utilise special polymer modified cement for construction. Bond 
development in thin bed masonry is not well understood relative to the conventional masonry. 
This paper reports an experimental investigation carried out at the Queensland University of 
Technology to characterise the flexural bond strength of thin bed concrete masonry as part of 
an ongoing research on the development of thin bed concrete masonry structural walling 
system. Thin bed concrete masonry structural walls can offer significant productivity gains to 
the building industry through the development of either a prefabricated panelised walling 
technology or a technology suitable for site construction that could deploy not well trained 
labour to address the severe problem of skills shortage that grapples the masonry industry. 
 
 
REVIEW OF MASONRY BOND 
Many factors are known to influence the bond strength between the mortar joints and masonry 
units. This is because the bond between the unit and the mortar is derived from penetration of 
 the cement hydration products, such as calcium silicate hydrates in the mortar, into the unit 
through the surface voids and pores. Major factors that affect the bond strength include the (1) 
type of mortars (mix design, workability. water retention. setting characteristics and air 
content),(2) type of masonry unit (absorption characteristics and surface texture) and (3) 
workmanship (filling of joints, degree of pressure applied to masonry unit and type of tooling 
used).  
 
In the past various test set-ups have been used for the characterisation of the tensile behaviour 
of the unit-mortar interface. These include uniaxial tensile test, four-point beam test and bond 
wrench pier tests. Since the flexural bond strength is an important parameter for the design of 
masonry, especially for the out-of-plane flexure in particular, attempts have been made to 
improve the bond strength. The parameters influencing the bond strength such as the mortar 
strength, the additives in mortar and surface treatments of the brick surface were examined by 
Sarangapani et al., (2005). They showed that it is important to use either a strong mortar or a 
mortar with plasticising additives to produce better bonding in the conventional masonry. 
They also concluded that the surface texture of the units affected the bond strength, where the 
rough surface texture of units results in high bond strength; this is in contrast to the results 
reported for thin bed concrete masonry in this paper. 
 
Similar works are also reported in the literature (Rao et al., 1996; Lim and Lissel 2011; 
Almeida et al., 2002; Khalaf 2005; Azeredo and Morel 2009; Reddy et al., 2007; Reddy and 
Gupta 2006; Walker 1999) each author has used different bricks/blocks and mortar types in 
their examination of various parameters affecting the bond strength of conventional masonry 
containing 10mm cement –lime mortar.  
 
Thin bed masonry system relies on thin bed mortar joints which are created using a fine glue 
mortar that may or may not contain the Portland cement but will contain fine sand, inert 
additives and specially formulated polymers. Among the few studies that have been carried 
out so far on thin glue mortar masonry, the characteristics of thin layer mortar and those of the 
unit constituents enhance bond strength and in many instances exceed the modulus of rupture 
of unit (Marrocchino et al., 2009). Since the thin bed masonry is relatively new, only few 
studies have been carried out on the flexural behaviour of thin bed masonry. (Marrocchino et 
al. 2009; Nicholas, Bousmaha and Raymond 2008; Kanyeto and Fried 2011) conducted 
flexural tests on thin bed dense concrete masonry and all have concluded that the flexural 
strength of thin bed masonry is significantly higher than those specified in the British code of 
practice (for the conventional mortars) and both the mortar properties and the constituents of 
the parent material forming the block appear to alter the joint strength that leads enhancement 
of the flexural tensile bond strength.  
 
The above studies have not considered the bond characteristics of thin bed concrete masonry, 
which would be likely different from that of the conventional masonry, because of the use of 
polymer modified mortar with thin mortar bedding thickness. Furthermore, thin bed masonry 
mortars contain polymers; depending on the proportion of polymers in the mortar, the process 
of gaining bond strength will differ (Ohama 1995). For example, where polymers dominate 
the solids in the mortar, polymerisation is the main process against cement hydration in the 
conventional mortars; dry curing is said to improve polymerisation (Colville et al., 1999); 
whereas it is well known that damp curing is better for the conventional cement based 
mortared masonry. Due to these fundamental differences between the polymer based and 
cement based mortared masonry, it appears prudent to characterise the flexural bond strength 
of the thin bed concrete masonry comprehensively and hence this research. 
  
EXPERIMENTAL DESIGN 
The primary purpose of this investigation is to determine the flexural bond strength of thin 
bed concrete masonry, whilst identifying the parameters influencing the flexural bond 
strength. The flexural bond strength was determined using four point bending (beam) test; 
similar tests are provided in ASTM E513 (2003) and AS 3700 (2001) for conventional 
masonry.  
 
To explore the bond strength characteristics, three textures of the surfaces of the concrete unit 
were prepared; and three polymer modified mortar types and four mortar application methods 
have been adopted. Solid concrete blocks (390mm×90mm×90 mm) were cut into 
45mm×90mm×90mm pieces using diamond saw cutter. Three steps were used to alter the 
surface characteristics of the concrete unit, as follows: 
 
(1) Diamond saw cut surface  
(2) Ground (smoother) surface where 220 abrasive silicon carbide powder on a grinding   
machine (each side of the surface was ground for 2 minutes to maintain the 
consistency of the surface) is used. 
(3) Sand blast (rougher) surface with Garnet (30-50 mesh) on 500KPa pressure (each unit 
surface was sand blasted for 15 seconds).  
 
Three polymer modified mortars were used to identify the most compatible mortar for the 
concrete masonry surface. For this purpose, mortars were chosen with 2%, 3% and 4 % 
polymer contents by weight. Furthermore to study the influence of application tooling, four 
techniques of mortar dispersion were adopted: (1) brushing; (2) roller discharging; (3) dipping 
of units into the glue mortar bucket; (4) use of trowel. 
  
All these parameters provided 36 combinations. Allowing three beams for each combination a 
total of 108 beams were made with the dimension of 330mm×90mm×90mm and tested under 
four-point loading. 
 
 
SURFACE ROUGHNESS MEASUREMENT 
To quantify surface texture variation of the units, the roughness of the three prepared concrete 
surfaces were measured using Talysurf stylus machine (Fig 1) although there appears no 
universally recognised test method to determine the surface roughness (Caliskan, Karihaloo 
and Barr 2002; Abu-Tair et al. 2000). Talysurf stylus machine is widely used for metal 
tribological applications; its functional procedure is as follows: a sharp stylus is tracked 
slowly across the surface and the up and down movement of stylus is recorded (Fig 2).  
 
The term roughness average (Ra) is used commonly to describe the irregularities of the 
surface texture, which is the measure of the arithmetic mean of the deviation between the 
measured vertical profile and the average profile. For metal specimens, a few millimetres long 
roughness measurement is sufficient to accurately detect the surface roughness. However, for 
concretes, longer sampling length is needed to achieve reliable roughness value; more 
specimens will also have to be tested to minimise the variability. Nevertheless due to the 
limitations of Talysurf machine used, it was only possible to obtain roughness reading up to 
12.5 mm length of specimen. Consequently, to overcome this limitation, six random blocks 
surfaces were selected from each type of the prepared unit surfaces and roughness was 
measured in two perpendicular directions on each specimen. Therefore 12 roughness 
 measurements were made for each unit surface type to obtain the average roughness value. 
Table 1 presents the average roughness values of three prepared surface. 
 
Table 1. Average Roughness values of three prepared concrete unit surfaces 
Type of concrete 
unit surface 
Number of 
measurements 
Average Roughness 
/(µm) 
COV/(%) 
Ground with silicon 
carbide powder 
12 2.74 13.70 
 
Diamond cut 12 4.57 11.52 
Sand blasted 12 6.13 16.32 
 
 
Fig.1: The view of Talysurf stylus surface measurement machine 
 
 
(a) 
 
 
(b) 
 
(c) 
Fig 2: A Typical unit surface roughness profiles (a) Cut (b) Ground (c) Sand Blasted  
SPECIMEN PREPARATION AND TESTING PROCEDURE 
The polymer modified cement mortar is delivered in a sealed bucket: preparation involves 
addition of only water. Mortar was mixed with a ratio of 250ml of water to 1kg of dry mortar 
 mix. All three polymer modified mortars were mixed to a workable condition and appropriate 
consistency commensurate to proper application. When applying the mortar on unit surface, 
the thickness was randomly measured by Vernier Calliper to ensure the 2mm joint thickness. 
The average mortar joint thickness was determined by subtracting the beam length from the 
stack length of seven blocks prior to mortar application. It was found mortar joint thickness 
was achieved with an accuracy of ±0.2mm. Furthermore to construct the specimen without 
misalignment of units, L shaped rig board Fig 3(a) was prepared and specimens were 
constructed on the edges of the board. The weights of the specimen were measured and the 
specimens were fully covered with plastic sheets and cured until testing Fig 3(a). For each 
characteristic combination, three specimens were prepared. Moreover to avoid steel platen 
contact on to the masonry specimen, which can cause bearing failure, timber pieces were 
inserted between the specimen and the supports. Testing of all specimens was carried out 
within 7-10 days after construction. All tests were performed in a 50 kN Instron machine and 
the loading was recorded using the displacement speed of (0.3mm/min). 
 
 
Fig 3: (a) Speceimens left for curing (b) Four-point beam test on instron 
 
RESULTS AND DISCUSSION  
The influence of polymer content in mortar to masonry bond strength is illustrated in Fig 4. It 
can be seen that the higher the polymer content in mortar, the higher the flexural bond 
strength of masonry. This conclusion is general regardless of unit surface texture and 
application method. However the increase in bond strength is not prominent for cut and 
ground unit textures. On the other hand, up to 40% of bond strength increase was observed for 
sand blasted unit specimens as the polymer content increases from 2% to 4%. Moreover the 
presented bond strength results in Fig 4 were obtained through trowel and roller application of 
mortar, however similar trend was also observed in other cases of mortar application methods. 
  
The surface texture influence on flexural bond strength of the specimens with 2% and 3% 
polymer (dipping and roller dispersion methods) is shown in Fig 5. It is generally believed in 
engineering that the bond strength would be higher for rougher unit surfaces; the results in 
Fig. 5 show an opposite trend in these thin bed specimens with polymer modified mortars. 
(a) (b) 
 However some other studies (Ariyaratnam et al., 1999; Leong et al., 2006) indicate bond 
strength is dependent on the applied load and surface area, where the higher surface contact 
area gives higher bond strength. 
 
 
   
                              (a)                                                                         (b) 
Fig 4: Influence of polymer content in mortar on flexural bond strength (a) Trowel (b) 
Roller application. 
 
Of the three surface textures examined in this study, sand blasted surface texture was the 
roughest and the ground surface texture was the smoothest with the saw cut surface falling in 
between these two textures. The ground unit texture has given higher flexural bond strength as 
shown in Fig 4. Similar trend was also noticed for other polymer mortar content specimens. 
Furthermore the sand blasted unit specimens have given the lowest bond strength. Therefore, 
it appears that for the polymerisation process, the surface roughness does not appear to impart 
beneficial influence as seen by the bond strength in thin bed masonry. One explanation could 
be that since the mortar thickness is 2mm and polymer mortar is very fine compared to 
conventional masonry mortars, the mortar particles might not have interlocked into the voids 
in the rough surface texture; furthermore, the ‘valleys’ at the rough surface interface might 
have created stress concentration during the loading leading to those specimens failing in 
lower load levels.  
 
The ground unit (smooth) textured specimens have exhibited the highest bond strength; this 
result contradicts the general expectation (which is largely based on the conventional masonry 
involving cement mortar). The thin bed mortar containing polymers with the applicators used 
appeared to have performed better on the smooth surface texture. Besides, the polymerisation 
appears to be the main process (against hydration in the conventional masonry) polymer 
modified mortars; the bond development of polymer modified mortars with concrete unit is 
thus found different to the conventional mortar bond involving cement mortars. Further 
insightful microscopic studies as well as different test methods involving shear bond studies 
are needed for the confirmation of this outcome. Microscopic studies are ongoing at the time 
of writing this paper. Triplet tests are also being carried out to examine the shear behaviour. 
 
Form the tests conducted; it is observed that the practice of dipping units in the mortar as an 
application method and roller application should be avoided, as these methods consistently 
gave lower flexural bond strength than other methods as shown in Fig 6. Moreover almost all 
failures of specimens occurred through mortar unit interface as illustrated Fig 7(a). Since 
mortar thickness is thin (2mm), it was difficult to ascertain whether the failures occurred 
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 through glue mortar or the interface. For low polymer content sudden failure through the 
interface was noticed. However as the polymer content increased to 4%, the specimens did 
not fail suddenly. Even after the maximum load had been applied only cracks developed 
through the interface Fig 7(b). Hence high polymer cement content specimens showed high 
ductility. 
 
 
  
Fig 5: Influence of unit surface texture on flexural bond strength (a) 2% (b) 3% polymer 
mortar.  
 
 
 
 
Fig 6: Influence of mortar application methods on flexural bond strength for 2% 
polymer mortar. 
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Fig 7: (a) Typical failure pattern of beams (b) cracks in 4% polymer mortar specimens  
 
 
 
CONCLUSIONS 
In an attempt to characterise the flexural bond strength of thin bed concrete masonry, a total 
of 108 specimens were tested. Various combinations of mortar types, unit surface textures and 
mortar application techniques were used in preparing the specimens; the specimens were 
tested under four-point bending in an Instron machine under displacement control. In 
addition, this investigation adapted a method of surface roughness measurement of concrete 
units.  
 
(1) From the test results presented here, it can be concluded that the flexural bond strength 
of thin bed masonry is higher than conventional masonry. Polymer mortars can be 
used in thin bed concrete masonry to improve the flexural bond strength. 
(2) Where the polymer content increases in the mortar the failure was more ductile than 
the conventional masonry. Therefore observation of ductility in thin bed concrete 
masonry flexural bond test is highly encouraging in structural perspective. However 
more research ought to be conducted on this masonry system to understand the 
complete structural behaviour of thin bed concrete masonry. 
(3) Additionally an interesting observation was made that the smooth unit surface texture 
gave higher bond strength values. However further in depth studies, such as shear 
bond strength tests and microscopic observations should be carried out at the bond 
interface level to confirm the bond development of unit surface with polymer modified 
mortars. 
 
 
ACKNOWLEDGEMENTS 
The authors thank the Australian Research Council for the financial support to this project 
(LP0990514). QUT provided technical support. Support from the industry partners Adbri 
Masonry and Rockcote for providing the required concrete blocks and the cement glue mortar 
are gratefully acknowledged. 
 
 
REFERENCES 
Abu-Tair, AI, D. Lavery, A. Nadjai, SR Rigden and TMA Ahmed. 2000. "A new method for 
evaluating the surface roughness of concrete cut for repair or strengthening." 
Construction and Building Materials 14 (3): 171-176. 
 
(a) (b) 
 Ariyaratnam, MT, MA Wilson and AS Blinkhorn. 1999. "An analysis of surface roughness, 
surface morphology and composite/dentin bond strength of human dentin following 
the application of the Nd: YAG laser." Dental Materials 15 (4): 223-228. 
 
AS3700. 2001. Australian Standards for Masonry Structures: Standards Australia 
International. 
 
ASTM. 2003. Standard Test Methods for Flexural Bond Strength of Masonry. ASTM E518-
03: West Conshohocken, PA 19428-2959, United States. 
 
Caliskan, S., B.L. Karihaloo and B.I.G. Barr. 2002. "Study of rock-mortar interfaces. Part I: 
surface roughness of rock aggregates and microstructural characteristics of interface." 
Magazine of Concrete Research 54 (6): 449-462. 
 
Kanyeto, O.J. and A. Fried. 2011. "Flexural behaviour of thin joint concrete blockwork: 
Experimental results." Construction and Building Materials 25: 3639-3647. 
 
Marrocchino, E., AN Fried, A. Koulouris and C. Vaccaro. 2009. "Micro-chemical/structural 
characterisation of thin layer masonry: A correlation with engineering performance." 
Construction and Building Materials 23 (1): 582-594. 
 
Nicholas, W., B. Bousmaha and O. Raymond. 2008. "Thin-joint glued brickwork: Building in 
the British context." Construction and Building Materials 22: 1081–1092. 
 
Ohama, Y. 1995. Handbook of polymer-modified concrete and mortars: properties and 
process technology: William Andrew. 
 
Sarangapani, G., B.V. Venkatarama Reddy and K.S. Jagadish. 2005. "Brick-Mortar bond and 
Masonry compressive strength." Journal of Materials in Civil Engineering 17: 229–
237. 
 
 
 
